the pulmonary arteries (CTPA), or not. The objective of minimizing the need for CTPA is to reduce patient exposure to radiation, costs, and time for assessment. Since clinical diagnosis alone has low sensitivity and specificity it is combined, using a clinical prediction rule such as the Wells score 1 or the Geneva score, 2 in combination with a biomarker that most often is the fibrin degradation product D-dimer. A recent systematic review, including six prospective studies using Wells score and D-dimer demonstrated that imaging diagnosis could be avoided in 28% of the patients. 3 When the D-dimer result was age-adjusted so that the cutoff instead of 500 mg/L was (age Â 10 mg/L) for patients > 50 years of age, the proportion with avoided imaging increased, although mainly among elderly outpatients. The proportion of patients with suspected PE that typically ends up with a verified diagnosis is only 10 to 20% and this strategy is therefore recommended.
Once the diagnosis has been made, the next decision for the outpatients is whether they need to be admitted to the hospital. The objective is to virtually eliminate the risk of fatal PE in the outpatient setting after this assessment. Again, clinical prediction rules are available for separating out the low-risk population, either with the Pulmonary Embolism Severity Index in the original 4 or a simplified version, 5 the Hestia rule, 6 the criteria from recommended by the European Society of Cardiology 7 or the Bova score. 8 Thrombolytic Therapy
Thrombolysis for Pulmonary Embolism
Approximately 5% of the patients with PE are hemodynamically unstable 9 and require emergent diagnosis and treatment. A systolic blood pressure below 90 mm Hg should be taken as a strong indication of this critical subgroup, which without proper management has a mortality of 58%. 9,10 If immediate diagnosis with CTPA is not available or the patient is too unstable to be transported, bedside echocardiogram should be performed to confirm right ventricular overload. 11 Hemodynamically unstable patients with PE will have a lower risk of the fatal outcome if treated with thrombolysis. The most recent version of the American College of Chest Physician (ACCP) clinical practice guidelines suggests systemically administered thrombolytic therapy (grade 2B), provided that the bleeding risk is not high. 12 Two recent meta-analyses showed that thrombolytic therapy for PE reduces mortality by 41 to 43%, but this reduction is not statistically significant for patients with PE and stable hemodynamics. 13, 14 Thrombolysis also reduces recurrences by 50%, but there is a significant increase in the risk of major hemorrhage (2.7-2.9-fold) and of intracranial hemorrhage (3.2-6.8-fold). 13, 14 These drawbacks were clearly reflected in the hitherto largest trial in PE with thrombolysis in normotensive patients with the combination of right ventricular dysfunction and biomarkers showing myocardial injury (troponin I or troponin T). 15 In the Pulmonary Embolism Thrombolysis (PEITHO) trial, 1,006 patients were randomized to tenecteplase or placebo and all received heparin. The most important outcomes are shown in ►Table 1.
The conclusion should be to consider thrombolysis seriously for patients with hemodynamically unstable PE, but to be used with a clear restriction for those who have right ventricle strain but are stable. Unfortunately, the studies have not provided guidance as to which subsets would have the best risk-benefit ratio among the latter group. Young patients are less likely to suffer major bleeding, but might also be more able than the elderly to overcome the right ventricle strain and vice versa.
Thrombolysis for DVT
Three randomized trials on catheter-directed thrombolysis of DVT have been published, [16] [17] [18] one of which also included mechanical disruption of the thrombus with or without thrombectomy, balloon venoplasty, or stenting. 18 They all showed positive results regarding vein patency and when long-term follow-up was done 17,18 also for reduction of postthrombotic syndrome. In a meta-analysis, which also included three nonrandomized studies, the efficacy benefit was confirmed but there was an increase in major bleeding (►Table 2). 19 Thus, reduction of the postthrombotic syndrome comes at a cost of a doubling of the risk of major bleeding during the initial treatment and catheter-directed thrombolysis should currently be reserved for carefully selected cases with severe symptoms of thrombosis and a low risk of bleeding.
Initial Anticoagulant Treatment
The vast majority of patients should be treated with anticoagulants without initial thrombolysis. The standard treatment until recently has been with LMWH for at least 5 days and overlapping with a VKA until the international normalized ratio has reached the therapeutic level (2.0-3.0). The VKA should be started simultaneously with heparin rather than being delayed, and in a meta-analysis of five randomized trials comparing the two options early initiation was associated with fewer minor hemorrhages (relative risk: 0.65; 95% confidence interval [CI]: 0.43-0.98) and fewer days in hospital (mean difference: 3.9 days; 95% CI: À4.6 to À3.3). 20
Choice of Oral Anticoagulants
Between 2009 and 2013, large phase III clinical trials comparing VKAs with NOACs for the treatment of VTE demonstrated similar efficacy but generally a lower risk of bleeding with the NOACs. [21] [22] [23] [24] [25] [26] A Cochrane meta-analysis of 11 randomized trials comparing NOACs with VKAs for the treatment of DVT showed reduced major bleeding also when separating the NOACs into direct thrombin inhibitors (odds ratio: 0.68; 95% CI: 0.47-0.98) and factor Xa inhibitors (odds ratio: 0.57; 95% CI: 0.43-0.76). 27 In another Cochrane meta-analysis of five randomized trials comparing NOACs with VKAs for the treatment of PE, there were no significant differences regarding recurrent VTE, recurrent PE, all-cause mortality, or major bleeding. 28 The most recent iteration of the clinical practice guidelines on antithrombotic therapy from the ACCP suggests to use NOACs rather than VKAs (grade 2B), and this is based on the reduced risk of bleeding and increased convenience for both patients and health care providers. 12 Intracranial bleeding is also less frequent with NOACs than with warfarin in the treatment of VTE (relative risk: 0.37; 95% CI: 0.21-0.68) and the same is true for fatal bleeding (relative risk: 0.36; 95% CI: 0.15-0.84). 29 Major gastrointestinal bleeding does not seem to be increased with NOACs for this indication (relative risk: 0.78; 95% CI: 0.47-1.31), 29 but at least in the publications of the phase III trials with dabigatran and rivaroxaban, there was an increase of nonmajor gastrointestinal bleeds. 22, 24 That can be explained by the high concentration of active thrombin-or factor Xa-inhibitor in the stools [30] [31] [32] and the increase in bleeds seems to be mainly in the distal gastrointestinal canal.
The "suggestion" rather than a "recommendation" by the ACCP guidelines to use NOACs is related to the indication-, physician specialty-, or patient drug coverage restrictions in various jurisdictions for the use of these drugs. 12 Important patient groups for whom NOACs should not be prescribed for medical reasons are those with severe renal failure, with mechanical heart valves, or with the concomitant and indispensable use of drugs that are strong inhibitors or inducers of P-glycoprotein and/or CYP 3A4 (more than 50% increase or reduction of exposure). The NOACs should also be prescribed with caution to patients with extreme body weights, for whom there are very little data from the clinical trials, and if selected then probably with measurement of the drug level.
Specific Subgroups of Patients
For patients with VTE and active cancer, the treatment during the first 3 months is still with LMWH, as suggested in the ACCP guidelines (grade 2C). 12 A meta-analysis showed that for the patient subset with cancer in the phase III trials with NOACs versus VKAs there was (during the initial treatment) actually improved efficacy to prevent recurrent VTE (relative risk: 0.57; 95% CI: 0.36-0.91) and similar safety regarding major bleeding (relative risk: 0.77; 95% CI: 0.44-1.33). 29 Whether this favorable benefit/risk profile will be maintained in comparison with LMWH remains to be seen from the current trials evaluating the question for factor Xa inhibitors versus LMWH.
In the elderly, there is always a concern for renal impairment, which is relevant for the NOACs that to a greater or lesser extent are dependent on elimination via the renal pathway. In addition, with increasing frailty and risk of falls, there is a more prominent tendency for intracranial hemorrhage among this population. A meta-analysis of the subsets with adults 75 years of age or older demonstrated that NOACs have better efficacy to reduce recurrent VTE (odds ratio: 0.45; 95% CI: 0.27-0.77) without any increase in the risk of bleeding, as presented for patients with VTE or atrial fibrillation combined (odds ratio: 1.02; 95% CI: 0.73-1.43). 33 For the elderly patients specifically treated on the VTE-indication there seems to be a lower risk of major bleeding with NOACs, as shown in another meta-analysis (relative risk: 0.49; 95% CI: 0.25-0.96). 29 The explanation could be that patients in the VTE trials were younger than those in the studies on atrial fibrillation and had less frequently concomitant treatment with antiplatelet agents.
In the phase III trials, patients were excluded if they had a calculated creatinine clearance of less than 30 mL/min (less than 25 mL/min for apixaban). Patients with a calculated creatinine clearance of 30 to 49 mL/min, typically considered as moderate renal failure, fared well in the VTE trials with similar efficacy compared with VKAs (relative risk: 0.70; 95% CI: 0.43-1.15) and reduced risk for major bleeding (relative risk: 0.51; 95% CI: 0.26-0.99). 29 Specifically for dabigatran, the scenario seems to be reversed among those with moderate renal impairment, with better efficacy than with warfarin (0 vs. 5 recurrences) and similar safety (6 vs. 5 major bleeds), 34 most likely related to the higher plasma concentration of dabigatran with reduced glomerular filtration rate.
Duration of Anticoagulation
The default duration of anticoagulation after the first VTE is 3 months. 12 Treatment for a longer but limited period of 6 or 12 or 24 months will result in the same long-term risk of Update on Venous Thromboembolism Schulman 893 recurrent VTE in most patients. Thus, the choice is typically between a limited, short duration, and indefinite duration. The latter should be considered when the risk of recurrence is high and the risk of bleeding is relatively low. The ACCP guidelines from 2016 recommend extended duration of anticoagulation for patients with a second event of VTE (grade 1B), and for patients with cancer (grade 1B). 12 For the latter, the duration should be evaluated at least on an annual basis and when the cancer is considered cured, treatment can be discontinued. 35 Furthermore, the indefinite duration is suggested for patients with a first, unprovoked VTE when the bleeding risk is low-to-moderate (grade 2B). 12 Here, we obviously have a debatable situation. The risk of recurrent VTE is approximately 30 to 40% over the following decade if anticoagulation is stopped, 36 levelling off at around 50% as a lifetime risk. Therefore, if we decide to treat all patients fulfilling these criteria, 50% will be treated unnecessarily but with the concomitant risk of major bleeding of 2 to 3% per year. 37 Case fatality of recurrent VTE (without anticoagulation) is approximately balanced by the case fatality of major bleeds on anticoagulation, although the confidence intervals are quite large. 38 
Additional Risk Factors for Recurrent VTE
It has repeatedly been demonstrated that male sex is associated with an increased risk of recurrent VTE with a pooled estimate of relative risk from randomized and nonrandomized trials of 1.6 (95% CI: 1.2-2.0). 39 The male sex effect seems to be so important that additional risk stratification with D-dimer is not helpful. 40 In females with the VTE provoked by hormonal treatment, which subsequently has been discontinued, the risk of recurrence is so low (0.0%; 95% CI: 0.0-0.3) that no further risk stratification is necessary. 40 However, in women with unprovoked VTE the use of D-dimer, with a normal level at the time of planned completion of treatment and then another normal level after 1 month without anticoagulation can select individuals with an acceptably low risk of recurrence (5.4%; 95% CI: 2.5-10.2) 40 so that it can be suggested to them to remain off treatment.
Part of the explanation for the different risk of recurrence in men and women could be the ability to efficiently resolve the clot. In a study of 869 consecutive patients with DVT, half had residual vein thrombosis after 3 months. 41 This was defined as at least 4 mm of incompressibility in the common femoral or popliteal vein with ultrasound. The residual thrombosis was more frequent in males (adjusted odds ratio: 1.82; 95% CI: 1.37-2.04). Residual vein thrombosis might therefore also be helpful in the risk stratification for extended anticoagulation.
The combined predictive value of elevated D-dimer and residual vein thrombosis was explored in another study with 296 patients but here residual vein thrombosis was not associated with additional risk of recurrent VTE compared with abnormal D-dimer alone. 42 In a systematic review, the presence of residual vein thrombosis did not appear to predict recurrent VTE among patients with an unprovoked index event. 43 In a more recent patient-level meta-analysis of 10 prospective studies there was an independent, significant association between residual venous obstruction and risk of recurrent VTE (hazard ratio [HR]: 1.32; 95% CI: 1.06-1.65) and even more so if the obstruction had been detected at 3 months after the first thrombosis (HR: 2.17; 95% CI: 1.11-4.25). 44 Clinical prediction rules have been constructed to attempt more efficient identification of patients at high risk of recurrent VTE. They are presented in ►Table 3. For the DASH score, a receiver operating curve analysis showed that the area under the curve was better than for D-dimer alone (0.71 vs. 0.61). 45 Unfortunately, the prediction rules might not be helpful in all populations, for example, the elderly, for whom the Updated Vienna Prediction Model was not helpful to discriminate patients at high risk. 46 A systematic review of the clinical prediction rules Vienna, 47 DASH, 45 and HER DOO2 48 noted that they all lacked external validation and multiple imputations had not been considered to handle missing data. 49 The authors then used individual patient data from seven trials to test other prognostic models and then performed internal-external cross-validation, followed by a Markov patient-level simulation for cost-effectiveness.
They concluded that a model including D-dimer after cessation of anticoagulation (whenever performed) together with the lag time, age, sex, and location of VTE performed strongly to predict a risk > 8% annually for recurrent VTE within 2 to 3 years with an average c-statistic of 0.69 and it appeared costeffective. 49 
Patients that Might Not Require Anticoagulation
For patients with very limited extension of the VTE, there is a possibility that anticoagulant therapy causes more harm than benefit. A DVT in the veins distal to the trifurcation is small in volume but if the patient has pronounced pain and/or swelling it is difficult to justify the no-treatment option. Risk factors for thrombus extension should also be taken into account as summarized in ►Table 4. 12 A recent meta-analysis of two randomized trials and six cohort studies on patients with distal DVT concluded that the methodological quality was poor so, although thrombus propagation and PE were reduced with anticoagulation, the finding was not robust. 50 For patients that do not receive anticoagulant therapy, the guidelines suggest serial monitoring of the extension of the thrombus with ultrasound for 2 weeks (grade 2C). 12 The second group of patients with minimal VTE is those with the PE confined to the subsegmental pulmonary arteries. These small defects seen on CTPA but often not on isotope scanning can be false-positive findings. In a systematic review of 2 randomized trials and 20 prospective cohort studies, where the rate of subsegmental PE had been reported, this rate was 4.7 and 9.4% with single-and multidetector CTPA, respectively. 51 The 3-month risk of VTE after untreated subsegmental PE was 0.9 and 1.1% when single-or multidetector CTPA had been used. Based on this, it is conceivable that these minute defects are not clinically important. An important precaution is then to perform bilateral compression ultrasound and if DVT is excluded the patients is a good candidate for clinical surveillance without anticoagulation. The guidelines suggest that patients with subsegmental defects but at high risk for recurrent VTE (►Table 4) should receive anticoagulation (grade 2C). 12 
Postthrombotic Syndrome
Symptoms and signs of postthrombotic syndrome affect at least half of the patients with a previous VTE. 52 It has thus been of great interest to find therapeutic measures to reduce this occurrence, particularly for the patients that end up with more severe forms of chronic edema, pain, ulcers. Catheterdirected thrombolysis has been discussed above but this alternative demands special resources and only a small proportion of patients with acute VTE appear to be eligible, even in a trial with active recruitment. 53 Compression stockings are possible to use in a majority of patients. In a large, double-blind, placebocontrolled randomized trial it was, however, shown that compression stockings for 2 years were not more effective than placebo stockings to reduce postthrombotic syndrome 54 or acute leg pain. 55 Compression stockings are accordingly not recommended for routine use after DVT (grade 2B). 12 Elastic compression stockings may still be of benefit for patients already suffering from the postthrombotic syndrome.
Conclusions
The main novelty in the management of VTE is the introduction of NOACs in the therapeutic armament. These are attractive alternatives to VKAs due to the convenience for patients and physicians. Important quantifiable benefits are the reduction of risk for intracranial bleeding and the immediate achievement of therapeutic levels. There are, however, important patient groups for whom VKAs are still been the only or main option based on comorbidities, comedications, and affordability. Patients with the minimal thromboembolic disease, that is, distal DVT or subsegmental PE and otherwise at low risk for recurrent VTE, should be considered for clinical surveillance alone. Thrombolytic therapy is suggested for hemodynamically unstable patients but not for those with right ventricle strain and stable hemodynamics. Catheter-directed thrombolysis for DVT should not be used routinely but restricted for carefully selected patients. Elastic compression stockings for prevention of postthrombotic syndrome are no longer recommended. Update on Venous Thromboembolism Schulman 895
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